Therefore, it is essential to know which fraction of EC and OC are emitted to the atmosphere in order to effectively implement air pollution mitigation strategies.
Thermal-optical analysis methods has been widely used for the determination of OC and EC in aerosol samples 5 .
Among these, thermal-optical transmission (TOT) is one of the most common used approaches 6 . This analysis involves the destructive measurement of the filters employed for collecting the suspended particles, which is time consuming even when only a small portion of the filters is analyzed. Therefore, fast and accurate methods for analysis of carbonaceous aerosols are needed in order to investigate their distribution and dynamics for air quality monitoring purposes. In this sense, near infrared spectroscopy coupled with a hyperspectral detector (HSI-NIR) together with the proper multivariate data analysis comes as alternative.
Hyperspectral imaging is a non-invasively technique which has been extensively applied on remote sensing for environmental monitoring 7 . In this sense, the applications of hyperspectral imaging to monitor natural resources, vegetation and surface water, have been widely tested 8 . However, to the best of our knowledge, no other studies have been focused on monitoring aerosol chemical parameters from hyperspectral data.
The aim of this work is to establish a methodology for OC and EC monitoring in atmospheric particulate matter fusing the power of HIS-NIR and multivariate data analysis, being validated with the standard reference method of TOT analysis.
Quantitative determination of atmospheric organic carbon (OC) and elemental carbon (EC), is of utmost relevance in environmental chemistry due to its influence on global warming, visibility degradation, and human health. Thermal-optical transmission (TOT) is the most common analytical method used, but it is destructive, time consuming and only a small portion of the samples is analyzed. Therefore, near infrared spectroscopy coupled with a hyperspectral detector (HSI-NIR) together with the proper multivariate data analysis comes as strong alternative.
This works aims at establishing a methodology for the monitoring of OC and EC in atmospheric particulate matter fusing HSI-NIR and multivariate data analysis, being validated with TOT analysis. In this sense, the PLS regression models developed showed a strong correlation between the HSI-NIR information and the TOT technique: analysis. The filters were analyzed for OC and EC using a laboratory OCEC analyzer (Sunset Laboratory Inc.) with a multistep temperature programme 9 . HSI-NIR measurements were taken using the UmBio inspector (UmBio AS, Sweeden). The pixel resolution was set to 300 μm; while the spectral wavelength range was 1000-2700 nm. 
Modeling methods. Principal component analysis (PCA) and

results and dIscussIon
First, a PCA model was performed as exploratory analysis to study the spectral variability of the filters under study. The Standard Normal Variate (SNV) and mean center were used as preprocessing methods applied to the spectra. As a result, the total variance explained by the two PCs was higher than 97%, highlighting that the PC1 explained almost all the variance (92.51%). This PC was shown to be highly correlated to the aerosol concentration as it can be observed in Figure 1 .
Second, PLS regression was used to generate the calibration models from the filters hyperspectral data by using the reference values obtained from TOT analysis. This multivariate calibration method will allow us for a quantitative determination of the both carbonaceous aerosol fractions (EC and OC) from the filters spectral signatures. In this sense, the appropriate selection of spectral ranges as well as adequate data treatment of the spectroscopic information was implemented in order to enhance the quality of the prediction models, as shown in Table 1 . Thus, PLS-1 regression models with 6 latent variables (OC) and 1 latent variables (EC) were built, where Figure   3 and Figure 4 show the quality of the PLS models obtained for the different carbonaceous fractions. The performance of each calibration model was assessed through the coefficient of determination (R2), the Root Mean Square Error of Cross-Validation (RMSECV) (calculated based on the leave-one-out algorithm), the Root Mean Square Error of Calibration (RMSEC), the Calibration Bias and the Cross-Validation (CV) Bias.
In general, the PLSR models performed considerably well, showing high correlation coefficients (R 2 >0.82) and low calibration errors between the mean spectra of each filter and the corresponding reference value measured for the elemental (EC) and organic carbon (OC).
conclusIons
The PCA model on particulate filters measurements demonstrated that HSI-NIR can be a reliable, fast and nondestructive method to monitor atmospheric particulate matter trends. This was corroborated by the PLS models developed for quantification of OC and EC, which showed a strong correlation between the HSI-NIR information and the TOT technique, demonstrating the feasibility of using HSI-NIR for quantitative purposes in air pollution monitoring. for financing the project PRORAT (CTM2013-45223-P). Saioa Elcoroaristizabal also wants to thanks UPV/EHU for the grant received from the program of "Contratación de Doctores Recientes".
